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(57) In an opttoal information medium comprising a 
fupporting substrate, an infom,atlon recording layer 
Zreon and a light-transmitting layer wherein a record- 

jreading laser beam enters the recording layer 
SogZl light-transmitting layer, the "g»i;-tr— 

ajer is fomied of a resin and has a tensile strength at 



break of 5-40 MPa. a tensile elongation at break of 
15-100%. and a tensile modulus of 40-1 .000 MPa^^ 
rr^edium has improved recording/readingcharacter^t^ 

when a laser beam defines a beam spot havmS ^^ma" 
diameter of up to 300 lun and the medium is rotated at 
a high linear velocity of at least 8 m/s. 
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BACKGROUND OF THE INVENTTION 



y(t.NA^) 



35 



40 



(1/2)tV sine<:osei NA'/(n -sinO) 



45 



50 



2 



SDOCIO- <EP 1168320A2J.> 



EP1 168 320 A2 



20 



25 



and fncreasing the .J,ear vejoc^^-^ IJ^ J JoCt ^^^^^^^ possible. WKh the star, of the 
irJprovement in data transfer ^^^^j'^jjo^^^^^^^^^^ of high quality is now delivered to home. A 

; satellite digital broadcastmg ^Jf^'^^^^M '^^^^ tor recording such image information 

[rrnorsret^iT^^^^^^^ 

SUMMARY OF THE INVENTION 

Lrins layer and = "J^SfTn STeT^^^^ cn.%«ens«<» ». lmpr.«« th. 

reeonllng la,» »K.u9t> »" SSr and Ml war .awll, S high. 

elongation at break of 15 to 100%. and a Sye, has a thickness of 30 to 200 ^. 

t)^e optteal infomnation medium of (1 '^^^^^^^ Irmation recording layerthereon, and 

rnformation recording layer through has a birefringence in absolute value of up to 

said light-transmitting layer in an information ^^^^^ ^f up to 20 nm at a wavelength of 630 nm. 

20 nm at a wavelength of 630 nm and a '''-^'"f ^^^^^^^^^ recording layer thereon, and 

'""TriiS^^^^^ 

readlnq laser beam. ^, ,hQtr«tP an information recording layer thereon, and 

rjs::r:^-^n,v,h,o.gh^^^^^^ 

said medium satisfies Wt < 1 840e " ^^.„-Litv V (in m/s) during recording or reading, with the 

0.5 nm to less than 5 ^m. light-transmitting layer includes a light-transmitting 

KTht;™:aralTar:S:™ - - . ™»-h= o. ^a. ha.., a 
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to 1 0% at a recording or ^^^^'^aj^f^'^n recording or reading is performed by passing a recording or readmg 

to-pealcvalue of a focus sensitivity curve. 
25 FUNCTION AND RESULTS <,u„,rtioo 

residual srror convonent (B) d a '~»'^=™"?"'l^,„ner»^ er<o< a the Inoreas^l ti»»l« »» » 'a<"f^- .,„„ 
«X. (F) »( a sensitivity ouive. wl»reby 'a~o „„„utotlhem«llum.Amed»t^ 

deflection quantity measured is small. criterion for judging the t^/^^° 

100171 Although it has not been proposed in *e art to 1 0% or below provides a great 

perf omiance. the inventors have found ^'^^^^'^^"'^'"S '^'I'P^^^^^ ^fwriting errors. By measuring R/F at the Imear 
SntTution to a reduction of jitter upon readmg and J° P^^^"^^^^^^^^^ it can be judged whether or not re- 

S"ocS/ used for recording or reading ° ^„Ve ^^I^Si Hnear velocity. Therefore., the meas^ 

S^geL. wh^ re^ns^n ,,er. no *rect correlation ex^s among 

Sst:Vngt:r:a^tri!:r^^^^^^ , 
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specimen width: 1 0 mm. 
Lxance between two gage marks: 4(^1 mm. 
distance between grips: 44±1 mm. and 
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distance Detween yi •k'^. — • 

e^naration rate: 30 mm/min, .^^k^h in MS K-7127 (1989). The described parameiers 

S reS measurement condrtions are as P-^^^^^J^^^^ a diameter of about 12 cm tor an 

S^!ng the light-transmitting layer are not c"t.c-L^^^^^^^^ are a me ^p-Bvious f onr^ed resin ^^eet wrth a 

so llll Je to fom, a resin, followed by °P;°f ^^"""3.^",; ^'Z^,^ obtkin a light-transmitting layer ^av-ng a tens,^ 
UV-curable adhesive or P'^^^^^^'^^^^'tLl '^^^^^^^ in the above-defined ranges. « ^-^^ ^^^f 

strength at break, a tensile -^I'^'^^^^^^^^^t^^^^^Z^ radiationn^urable resin by a spin coafng techmque. 

r?:^:^::grcS^— 
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rinsJe elongation at break arter curing becomes srna^T>.erefore^^^ ^ appropriate depending on the 

r , trT' Riscoat 540 from Osaka Yukikagaku Co., Ltd., K^yarad H lo/ hk ,g ^m-BSI . Nadecole 

So^rEpoS E^tef 3002M and Epoxy Ester ^OMJA frorn K^yo-sha ^^^^^^ ^^^^^^^ 

HAi?; NaScole DM-811, Nadecole DA-721 ^^^""^^^^^t^'^^Zlu-^OOOPEP, Art Resin UN-9200A. Art Res.n 
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Se in Th^^^^^^^^ -T °HrrerTn'c:replS^^^^ 

In^LJh^anqe defined in the present inventon.However^^sm^^^^^^ mentioned just 

^^HHort In c;aid oatent publication that a protective coai ot '" J" recording portion through the protective 
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,., w. ,„atertal of whlC the '°^Vw We, *sl»bl, has a hWartenalte sMnglh « break 

Ltha^e a low tensHe strength ^Ztr;:r^e^^^^^^^otT^^^^^ 

selected. Forthe composition used to foontt^esurfa^^^^^^ ^^^^^^ ^ j,igher hardness^ A 

'a .nt.etwo..ayerstruc.u.eotsu.aceandjnn.^^^^ 

KSJi lnthecmbodlment>^ereinthelight-transm^^^^^^ 
Srab!eresins,itlscustoma.ythatalowerlaye« 
composition is applied and cured. TO improve the adhe^^^^ 
upperlayeronthelowerlayerwhichhasbeensem,^^^^^^^ 

100461 AS previously described, the ratio FVF «f ^^'^ insoection of the optical information medium. It is 

S p^k value F of a focus sensitivity curve velocity. Seeking for the 

noted that the same rr^edium can have ^'^^'^'^^^^^^^''^^^^^^^ ir, order that R/F fall v^ithln the prefenred 
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and me ™«ll»r. is rotated at a Imear "^Z^^tlS^^^i^-^O^ ™ ™» " 

y^smr.. B, terming th. "S""''"'"?"' Tl,?e Le • mWr'«««'«»«"'aise™o 

^rdarrc »»> ""P'^l-J S.T:^-^eS:.t:i .^e ettec. is ,»t ,e™*ab^ .nnpro»d ^ .ed»c„g « to a 



VSfts 10 nm. 



...netedthat,,,.— «»t-V«»ed.,^ispreser,P.d,.ANS,«e.,.,*..n,..su,,™«c.*^ 
«^ wot tl» Usht-transnltung >»»~'"' 



high-pass filter: 0.2 mm. 
45 low-pass titter 2 mm, 

evaluated length: 20 mm, 
reference length: 16 mm, 

probe pressing torce: 1 0 mg, - « k ..m 

probe: diamond stylus with curvature rad.us 12.5 ^m. 

so and 
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^rrr^rmf ,n1L-«tt«,t eendlor,. «. e. preacHbad ,n ANS, «S., . 

aserLm.Tl.e beam spM diameter used he.em»the»amM.r^^^^^^^ ia large, tl>e f«F is -et so 

sISaoe (Usht-lmnsmW-g laV ■ ^•;^^«^*e™te^^sh1M«t.oVprose,lbedio■hepc.sa^ 
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,^ «am SPO-^^™--' '° "'X^'^iSoTon m, s.««o ot .h. light*— r,9 l.,.r . small. I. 

rn«sr«r^C"irrD":h'r.s.ce », .^e ih, ,.,0, . »v 

D = 2tan{sin-' (Na/n)}t + 1 .22WNA 

rnumerical aperture NA. and the lighMransmrtUng la^^^^^^ 
T»When the beam spot is elliptic, thebeamsp^^^^^ 
100481 lnthedisk-shapedrned.urT,.theti.ax.rnum^^^ 

0 the deflection and torsion of the medium '■''^^^''^^^^^1^^ undergoes too much deflection and torsion, 
rneasurement of Wt sometimes becomes impossible « t^e operating linear velocity V, the max- 
SSs^ Since an appropriate value of themaximurnwa^^^^^^^ 

rrnlavlness on the surface of ^-^f ''^^^Jf "^^^^^^^^^^^ a high linear velocity, for example a linear 

^SoT-arr,^^^^^^^^ 
SsOl intheembodimentwhereintheiight-transm^^^^^^ 

r^in by a spin coating technique and exposing the it is recommended, for example, that the 

::Sis eV^^^^^^^^^ "0 gel -y*«>-;" *r°t.?ina r^rcons^ of a light-transmitting sheetformed of 

mo5lT Tthe omer embodiment wherein the ''g*^'-^"^*"?^^^^'^^^^^^ substrate side, the adhesive layer 
aresJ and an adhesive layer forjoining the '^V- '^-^ ^" ^^""^^ °\ 

^ntalnlng acured product of a UV-cu,^ble res.n^rt.^^^^^^ 

from 0.5 Mxn to less than 5 pm. and especially from 1 ,^ to 3jrn. to perfomied In air. too thin an adhesive 

oTuV raSon. with which few active spec.es are .^^^XshTe layer, which tends to deactivate actn/e 

Syeyieads to a more amount of -"j^'^ ""J,^^^^^^^^^^ resins) or resins susceptible . 

species in the case of resins susceptible to ^'^f " '"'l'^^^^^^^^^ adhesive layer is rather restrained from cunng. 

tomoistureinhibition(e.g..cationpoiymen2aUonresns)^Th^^^^^^ ^^^ ^^ ^ ^ ,„,onn layer. 

?M52f Neit. it'is described how to fomn the adh^ive layer ^^^^^^ ^^rtace on the 

^ ^ ^^'^^^'^^ %T:£^ZZ 4" RG ? t^r!^ ^^atlng. To reduce the thickness 

supporting substrate side (the surface of the recort ng '^VJ-- ^'^ ^.'^^ ^^ating is fomied by diluting the UV- 
Sbution of the adhesive layer and coating vanation « ^ F^^^^^^^^^^^ g^^tion. The solvent used in diluting the 
Sle resin with a solvent to fom, a resin ^^^^.^^^^^a^^^Toi^^^^^^ ^-'^ - 
Lin IS not Critical, and any suitable one may be ^^^^^^^^^ "^^^^^^^^ and the light-transmitting sheet, 

and hydrocarbon solvents as long as rt does "^^^^'^ 0 centipoise. more preferably 4 to 6 centipoise. Too 

[0054? The resin solution preferably has "^"^ ^^^^^^^^^ the adhesive layer. Inversely, too low a 

hiqh a viscosity may make it difficult to reduce the thickne^ ^^e resin solution preferably has a solid concentration 
IS^ity may make K dmicuft to fom, --^^"l^^^^ZiTZZ- soli J concentration may -ake « <iiff k:u« 
of 1 0 to 50% by weight, and more preferably 2° ° ^ ^^centration may make it difficult to reduce the thickness 
to fom, a unlfomi adhesive layer. Inv^isely. '^^^^'^l^^'^ZZnZmonL surface of the light-transmitting sheet, 
distribution of the adhesive layer and to reduce *e ma^^^^^^^^^ 
[0055] Thetechniqueoffom.ingthecoat.ng«not«^^^^^^^ 

ollcoating. screen coating. ^^'^^♦'"^•''"^^tJhi^e^owari outer periphery of the optical disk; and the roll 
has the tendency that the adhesive layer becomes th^ke^^ ^yer differs in thickness between the leading 

55 coating and die coating techniques have »»^^/«"f of the adhesive layer become more en- 

side aSd the trailing side. The effects ♦^^^^^^^^^^^ 

rrru^^nrr^;™^^ 
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oxygen inhibition and moisture inhibition "P°" ^"""S; ^^^^^ of UV radiation is preferably set to 1 .000 

100581 When the adhesh^e iayer .s formed ^ ^''^'''^'^^^Zt^l^S of UV radiation within this range, 

polyoleflns. ^ ^.^.iti^ai ForexamDle aromatic polycarbonates of the conventional 

herein are amon^hous ones, wrth ^^'^^^^^^^ ^^^''^J^^^^^^^^^^ rings like the polycarbonates, but are 

rre^.^^:r^trnrp?^r^^^^^^^^^^^ 

poiyolefins are amorphous cyclic P^'Vf P^J^^ ^^vaS^r^^^^ are useful in the practice of the 

^ic poiyolefins are also resistant to heat Cof^f^erc^y ava.lab P V ^ Ltd.. and 

SventL. commercially available cyclic polyolefms a e ^^^^f,^^^^^^^ Jon a?d Zeonex are prepared 

Apel by Mitsui Chemical Co. , Ltd. Arton and ^^^^^^^^^^^^^^^ hydrogenation. In particular. Arton starts 

by effectingring-openingpolymenzahonof norbomenemonomere t^^^^^ a ^^^^^ ^ 

vl a nort^omene monomer having ^f/ are a high bond strength with the 

Xsix™.;^^^^^^^^ 

r~s not cr.^. how to prepare the iight— ing 

Ihin. I is difficult to torn, the sheet by --^^"^ prefeJed technique is 

resins into sheets such as solvent casting ^"^Jfjj'^^^^/ Jj^^^^^ 

solvent casting. The castingtechn.que.sd.sdosed^forexan^^^^^ B ^.^^ ^^^^^^^ 

:s^jinr^S:rth«nr^ 

^ Theprocessofformingtheilght-transm^-^^^^^^ 

iuch as polyca*onate pellets in ^^"f "^'^^^^'^^"^^^^^^^ ^eSnuously flowing the solution on a mold having 

rh^rcf^ro^.^^^^^^^^^^^^^^ 

riencedlesstensionduringmanufacture.ascomparedwiththesheetwtm^^ the casting technique canfomi 

Which inevitably develops a d«tribution of bj-^n^^^^^^^^^^^ jrS^pCrcontfot'g the rate of evaporation of the 
a sheet of unifomr, thickness having an '^"^^"J^^^^t^'JJeHnL as f 

soh^ent. Additionally. thecastingtechn queehn.ma^sfl^^^^ ^^^^^^ ^„ 

solvent In the sheet by gas chromatography or the like. 
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5 Example 1 

100701 on the surface of the reflects . „,er of 12 nm thick was formed by sputtering 

AlaOa target. dielectric layer, a recording layer °' ""Tw in atomic ratio. 

(COT, Next. »" b, Sho«. HWOly™- ^"■ih't^^lTiurwCon Co., LM.) w» "Pl" "-"^.o" 

the inner layer and exposea I > initialized or ctystallized by nneans 

layer of 100 ^m thick. thus fabricated optical record! ng disk samp ew^in« information 

100741 The recording ^VroTschenk the birefringence of the „,easured while 

specular reflectivity meter attached 
. JS^;- .hisd.ksample.asmo^onanopticalrecordingmed.umtester.S.gna. 

Shoves underthe following conditions. 

laser wavelength: 405 nm 
numerical aperture NA: 0.B5 

linear velocity: 11 4 m/s -lanals (shortest signal length 2T) results are shown in Table 1 . 

The Jitter is a ciock jiuei 
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between the sample ^^'^^^JP^'^^^'^^^^^^^^^ change of the ^^-^'f ^^^'^^^q^i ^ Radio Gijutsu K.K. . page 
81 . From the focus sensitivity c 
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knife%dge method, astigmatism method and the lika rectangular strips of 60 mm x 10 

So791 Next, the light-transmitting layer of _^^samplew^^^^^ rneasured for tensile strength at break tensje 
Sm. UsingTensilon ModelTRM-IOOby Onertec KX^^*^^^^^^ .^^^ j,s k-7127 (1989) and n the 

The results are shown In Table 1 . 

25 The results are shown in Table 1 . 

Example 3 c.orT,ni.. 1 exceot that a light-transmitting layer of 1 00 

100821 Anopticalrecord^gdisksamplewasfabncat^^^^^^^^^^ 

-^^^^^^^ 

Example 1 . The results are shown in Table 1 . 

nomparativ e Example 1_ 
Sn Example 1 . The results are shown in Table 1 . 

^>,n„parative Example 2 i no 

in Example 1 . The results are shown in Table 1 . 

Comparative Example 3 „r.<ioo 
in Example 1 . The results are shown in Table 1 . 
curable resin composition had the following recipe: 
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Component 


Parts by weight 


EPA-1 (Nippon Kayaku Co,. Ltd.) 
MANDA (Nippon Kayaku Co., Ltd.) 
jHF-A (Kyoei YusI Co., Ltd.) 
R-561 (Nippon Kayaku Co.. Ltd.) 
Darocur BP (Ciba Specialty Chemicals) 
DMBl (Nippon Kayaku Co,. Ltd.) 
ir.^....r^651 (Ciba specialty Chemicals) 


20 
40 
10 
30 
3 
1 
3 
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[0087] Data in Table 1 demonstrate the effectiveness of the invention. Those sannples whose light-transmitting layer 
has a tensile strength at break, tensile elongation at break and tensile modulus within the specific ranges of the invention 
have the advantages of a low birefringence, a small distribution breadth of birefringence, less focus en-ors, a reduced 
jitter, a reduced deflection, a reduced axial runout, and little exacerbation of deflection and axial runout during hot 
5 humid storage. 

[0088] By contrast, the advantages of the Invention are lost when at least one of tensile strength at break, tensile 
elongation at break and tensile modulus is outside the range of the invention. 

[0089] A sample was fabricated as in Example 1 except that the inner layer was omitted and the surface layer was 
formed to a thickness of 100 jim and served as the light-transmitting layer. The light-transmitting layer of this sample 
10 was found to have a tensile strength at break of more than 50 MPa. 

Example 4 

Sample No. 1 

15 

[0090] An optteal recording disk sample was fabricated as in Example 1 except that the light-transmitting layer was 
fomied by the following procedure. 

[0091 ] The light-transmitting layer was constructed by first spin coating a UV-curable resin SK51 1 0 (Sony Chemical 
Co., Ltd.) onto the surface of the first dielectric layer to form a resin layer. Then in vacuum (below 0.1 atm.), a polycar- 

20 bonate sheet (thickness 100 p.m, birefringence 15 nm) as a light-transmitting sheet was placed on the resin layer. The 
polycartjonate sheet was fonned of Pure Ace fTeijin Co., Ltd.) by a casting technique as previously mentioned. This 
polycartDonate had a glass transition temperature of 145*C and a molecular weight of about 40,000. With the light- 
transmitting sheet rested thereon, the disk was rotated at 6,000 rpm for 10 seconds to spin off the extra resin. After 
the vacuum was relieved back to air. UV radiation was irradiated to cure the resin layer, obtaining a light-transmitting 

25 layer of 1 03 jjjn thick. 

[0092] As the UV source, a Xe flash lamp by Eye Graphic Co. was used. UV radiation was in-adiated 8 passes at an 
output of 120 J. The energy density of UV radiation could not be measured (beyond 5,000 mW/cm2). using Uvicure 
Plus of ETI Instrumentation Products. 

30 Sample No. 2 

[0093] An optical recording disk sample was fabricated by the same procedure as Sample No. 1 except that a high- 
pressure mercury vapor lamp of Ushio Electric Co., Ltd. (3 kW type, radiation energy density 300 mJ/crrfi) was used 
as the UV source and the energy density of UV radiation was 600 mW/cm^. 

35 

Sample No. 3 

[0094] An optical recording disk sample was fabricated by the same procedure as Sample No. 1 except that a UV- 
curable resin T695/UR621 of Nagase Chemtec Co., Ltd. was used in fomning the adhesive layer, Multi-Light of Ushio 
40 Electric Co., Ltd. (260 W type) was used as the UV source, and the energy density of UV radiation was 50 mW/cm?. 

Sample No. 4 

[0095] An optical recording disk sample was fabricated by the same procedure as Sample No. 1 except that a light- 
45 transmitting layer of 1 00 \in\ was fomied by spin coating a UV curable resin (B8 by Nippon Kayaku Co., Ltd., viscosity 
5,000 centlpolse at 25*C) onto the surface of the first dielectric layer, and exposing the coating to UV radiation. The 
UV exposure conditions were the same as the curing conditions for the adhesive layer of sample No. 2. 

Sample No. 5 (comparison) 

so 

[0096] Sample No. 5 is a DVD-RAM (one side 2.6 GB type) by TDK Corporation which is structured such that a 
recording/reading laser beam reaches through a polycarbonate substrate of 0.6 mm thick. 

Sample No. 6 (comparison) 

55 

[0097] Sample No. 6 is a DVD-RAM (double side 5.2 GB type) by TDK Corporation which is structured such that a 
recording/reading laser beam reaches through a polycarbonate substrate of 0.6 mm thick. 
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Evaluation • e 
,0.,., Tne,a.e,.e,.-«««-----r^^^^^^^ 

Idue (F) of afocus sensitivity curve was determined «rtiHe*el.^^^^^^^^ ^^^^^ 2. For sample 

^near leloc-rty Vmax at which FVF did r,ot ^^^ZlV^t^^^^Z^ f^^ ar,d a numerica, aperture NA o1 0.85; 

:;XS^^?t 635 nm and a numerical apenure NA ot 0.60 



20 



25 



30 







Table 2 
Ra (nm) 


Rt(nm) 


Wa (nm) 


Wt(nm) 


Sample No. j 

1 
2 
3 
4 

5 (comparison) 

6 (comparison) 


Vmax (m/s) 

7.3 
10.8 
12.5 
28.9 
24.1 
8.4 


1.3 
1.3 
1.3 
1.1 
1.0 
1.2 


21.1 
18.5 
17.5 
9.1 
9.0 
11.4 


293 
273 
258 
144 
414 
1 568 


1400 
1240 
1170 
636 
1780 
2440 



curve represented by 



Wt= 1840e 



-0.04V 



35 



40 



45 



above the curve represented by Wt = i »'we • 

1840e-o^v all the samples show an FVF of up to 10 /.^ commercial DVD-RAM disks show a higher Vmax 

01021 It is noted that in FIG. 2. sample Nos 5 and^ ^o. 1 . Then, they can be operatedat 
than sample No. 1 . despite their remarkably high Wt as co^Pareo w k ^.o4V. -n,is is because the R/F 
TrlSy higher linear velociW than the n^^^^^^^^^^^^ 

measuring conditions for sample Nos 5 *®^;!,7_ot on the beam-incident surface has a diameter of abou 

surface'has a diameter as large as about 490 ^m. 
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laser beam. anri a 

.on^nt Of a focus error signal at a linear velocity during 

um to less than 5 M^m. 

;avelengthof3LwherelnXA^^780nm. 1 or2 

, .=imc3to10whichistheopticalinfonmationmediumofclaim 1 or2. 
11 Theopticalinfom,ationmedlun.ofanyoneofcla.ms3to10wh.ch.s 

. laimfifitoS In Which said light-transmittmg 
« A method .orp-l^i™ •» opliC 'ZZ^^^' lo"* »9M-l»nsmitllr<, 
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resm, 

said method comprising the step of irradiating UV radiation to a coating of the UV-curable resin for curing the 
resin to fomri said adhesive layer, the UV radiation inadiated having an energy density of up to 1 ,000 mW/cm^. 

13. In connection with an optical information medium comprising a supporting substrate, an infomnatlon recording layer 
thereon, and a light-transmitting layer on the information recording layer, wherein said light-transmitting layer has 
a birefringence in absolute value of up to 20 nm at a wavelength of 630 nm and a birefringence distribution breadth 
of up to 20 nm at a wavelength of 630 nm, 

a recording or reading method wherein recording or reading is performed by passing a recording or reading 
laser beam to said information recording layer through said light-transmitting layer 

14. In connection with an optical infomriation medium comprising a supporting substrate, an infomiation recording layer 
IS thereon, and a light-transmitting layer on the information recording layer having a surface reflectivity of up to 1 0% 

at a recording or reading wavelength. 

a recording or reading method wherein recording or reading is performed by passing a recording or reading 
laser beam to said Information recording layer through said light-transmitting layer 

20 

15. A method for Inspecting optical Information media comprising a supporting substrate, an infomnation recording 
layer thereon, and a light-transmitting layer on the information recording layer wherein a recording or reading laser 
beam enters the information recording layer through the light-transmitting layer, 

25 said method comprising selecting those optical information media in which R/F is up to 10% wherein R is a 

residual error component of a focus error signal at a linear velocity during recording or reading and F is a peak- 
to-peak value of a focus sensitivity curve. 
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